There has been a growth in the field of Ethnozoology throughout the years, especially in Brazil, where a considerable number of scientific articles pertaining to this subject has been published in recent decades. With this increase in publications comes the opportunity to assess the quality of these publications, as there are no known studies assessing the methodological risks in this area. Based on this observation, our objectives were to compile the papers published on the subject of ethnozoology and to answer the following questions: 1) Do the Brazilian ethnozoological studies use sound sampling methods?; 2) Is the sampling quality influenced by characteristics of the studies/publications? The studies found in databases and using web search engines were compiled to answer these questions. The studies were assessed based on their nature, sampling methods, use of hypotheses and tests, journal's impact factor, and animal group studied. The majority of the studies analyzed exhibited problems associated with the samples, as 144 (66.98%) studies were classified as having a high risk of bias. With regard to the characteristics analyzed, we determined that a quantitative nature and the use of tests are essential components of good sampling. Most studies classified as moderate and low risk either did not provide these data or provided data that were not clear; therefore, these studies were classified as being of a quali-quantitative nature. Studies performed with vertebrate groups were of high risk. Most of the papers analyzed here focused on fish, insects, and/or mollusks, thus highlighting the difficulties associated with conducting interviews regarding tetrapod vertebrates. Such difficulties are largely related to the extremely strict Brazilian laws, justified by the decline and extinction of some species, related to the use of wild tetrapod vertebrates.
Introduction
A large quantity of noteworthy ethnozoological research has been conducted in Brazil to date, bringing this country into the spotlight in this field, as Brazil is now considered one of the most important sources worldwide of scientific production in this area (Alves and Souto, 2011) . Alves and Souto (2011) suggest that this productivity is due to the inclusion of specialists in superior education institutions and to the addition of specific courses to undergraduate and graduate programs, creating increased interest among young researchers.
The Brazilian studies indicate considerable diversity in knowledge and uses of the fauna, which vary with the conditions of each area or locality and which are also related to the different life forms and ecosystems, as well as to cultural diversity (Alves and Souto, 2011) .
Current ecological themes also present a variety of approaches, especially regarding the different uses of wild fauna (Nishida et al., 2006; Alves and Santana, 2008; Alves et al., 2010a, b; Favoretto et al., 2011; Ritter et al., 2012) . The use of fauna-derived products in popular medicine (zootherapy) has been the most studied subject, which encompasses studies performed in traditional Brazilian communities, especially in Brazil's northern and northeastern regions Alves, 2008) .
Overall, it can be said that a great part of ethnozoological research addresses invertebrate groups, particularly crustaceans and insects (see Alves and Dias, 2010; Ulysséa et al., 2010; Alencar et al., 2012; Nascimento et al., 2012) . Regarding vertebrates, most of the studies are performed on fish (see Mourão and Nordi, 2006; Clauzet et al., 2007; Silvano and Valbo-Jørgensen, 2008; Lopes, et al., 2009; Begossi et al., 2012) .
Most of the ethnozoological papers published since 1996 are of a descriptive nature (Alves, 2009; . There has been a growth in quantitative research; however, there is a need for improvement in the publications and for more scientifically rigorous studies that include specific questions and hypotheses, to contribute to the advancement of ethnozoology in Brazil (Alves and Souto, 2011) . In addition, these studies should be guided by logic and by the sample's adequacy (Medeiros et al., 2014) . Although qualitative research has countless orientations and assumptions, quantitative research is directly associated with positivist logic. Moreover, the quality of sampling may be easily evaluated, as information tends to be generalized according to the interests of the researcher (Medeiros et al., 2014) . In some instances, qualitative research requires the use of intentional sampling, as it guarantees that the researcher will obtain more precise information on the study theme (Marshall, 1996) . According to Bartlett et al. (2001) , even studies that do not include statistical analyses in their final text should define the ideal sample size.
Sampling design is a fundamental part of planning a scientific study, and quantitative sampling requires hypothesis testing, which is used in the search for behavioral patterns as well as for comparisons between studies performed as part of either the same study or different studies (Alves and Souto, 2011) .
The use of appropriate sampling techniques contributes to the formulation of future research and to a better understanding of the sampling population. Conversely, either a lack of adequate planning or planning that does not use such techniques may lead to high methodological risk and constitute a source of bias (Bartlett et al., 2001; Medeiros et al., 2012) by masking behavioral patterns and inadequately recording the internal diversity of the sampling population (Medeiros et al., 2012) . These problems may also be observed in other areas of science, revealing errors related to the sampling design and compromising the study's results and conclusions (see Bartlett et al., 2001; Lee, 2010) . Many studies use incorrect or questionable approaches for the selection of sampling size; thus, methodological improvement in this area is required.
Still, according to Bartlett et al. (2001) , misguided sampling or negligence of the adopted principles is common, as these issues are observed in scientific studies dealing with interviews or access to knowledge as well (see Bartlett et al., 2001; Medeiros et al., 2012) . Therefore, a robust sampling design must be applied to guarantee the randomness of the sample, allowing correct interpretations to be made and mistaken conclusions regarding the described patterns to be avoided (Bartlett et al., 2001; Medeiros et al., 2012) . Different techniques are employed to draw conclusions about different aspects of a given population, based on samples or on a part of the specific group .
Evaluations of ethnobotanical studies have shown that sampling problems are associated with many of these studies, indicating that a large portion of intra-cultural diversity may not have actually been captured by these studies (Medeiros et al., 2014) . Medeiros et al. (2014) proposes different evaluation criteria, based on bias risk, to evaluate the published ethnobotany papers. A methodological element of the related field of ethnozoology is access to pesquisado. A maior parte dos artigos analisados apresentaram problemas amostrais, 144 (66,98%) foram classificados como sendo de alto risco de viés. Quanto às características analisadas percebemos que a natureza quantitativa e a utilização de testes, são essenciais para uma boa amostragem. A maioria das publicações classificada com moderado e baixo risco não apresentava ou não deixava claro esses dados, sendo classificadas como de natureza quali-quantitativa. Percebemos também que artigos desenvolvidos com grupos vertebrados apresentaram alto risco, levando a crer que as restrições da legislação brasileira limitam as informações mais precisas a respeito do tema.
Palavras-chave: cienciometria, Etnobiologia, Etnoecologia, vieses metodológicos. information through interviews with human beings, and it is possible that this element is being neglected, resulting in misguided sampling information and subsequent sampling problems. With this issue in mind, this study intends to assess the methodological risks found in ethnozoological studies published since 1996 by answering the following questions: 1) Do Brazilian ethnozoological studies use sound sampling methods? 2) Is the sampling quality influenced by characteristics of the studies/publications?
Material and Methods
We performed a bibliographical survey of papers published in the last 17 years (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . We established these limits because most of the papers on ethnozoology have been published in the last 10 years (Alves and Souto, 2011) and because limitations exist with regard to older publications in the databases.
Our research included papers reporting original research performed in Brazil with wild animals. These studies were related to local knowledge and to the use of the fauna, for example, for hunting (feeding, commerce, domestication), zootherapy (production, use and commerce of animal-derived medicine), and mystical use. We only used papers published in national or international scientific journals. Theses, dissertations, books, and book chapters were not included in the sample.
To perform the bibliographical survey, we consulted the databases Scielo, Scirus, and Scopus, in addition to the search engines Google and Google Scholar. The publication "Ethnozoology in Brazil: current status and perspectives" (Alves and Souto, 2011 ) compiles all papers on ethnozoology research conducted in Brazil and published before 2011. Therefore, to avoid leaving out any study pertaining to the survey's objectives, we also considered the papers cited in this publication that were not found in previous searches and that comply with the established criteria. In our literature search, we used key words relating to ethnozoology and animal groups associated with the term "Brazil", in both Portuguese and English, in order to guarantee the inclusion of the largest possible number of papers. These terms included Ethnozoology + Brazil; Etnozoologia + Brasil; Traditional knowledge; Conhecimento tradicional; Ethno + reptiles + Brazil; Etno + répteis + Brasil; Cinegetic Activities; Atividades Cinegéticas; Animal Use + Local Knowledge + Brazil; Uso Animal + Conhecimento Local + Brasil.
We opted to follow the recommendations given by Medeiros et al. (2014) regarding the analysis process. Therefore, for each paper included in the analysis, we assessed the following:
Nature of the study (qualitative, quali-quantitative, or quantitative): The nature of the research, as mentioned above, may show methodological problems due to erroneous application of the methods. A large part of qualitative studies bring forth quantitative results that were not proposed from the start. Therefore, a larger number of quali-quantitative than quantitative studies are expected to be classified as high risk. For this classification, the risks associated with studies that had quantitative data were assessed, as purely qualitative studies could not be analyzed by positivist criteria.
Presentation of hypotheses (yes or no) and application of tests (yes or no): We believe that studies that use a good sampling design, including presentation of hypotheses and application of consistent statistical tests or indices, would have a smaller methodological risk.
Sample (intentional or probabilistic): In most papers, the choice to use probabilistic samples reveals considerable errors in the application of this method. Errors are due to the failure to specify randomness, suggesting a tendency of high risk of bias for this sampling method.
Journal where the paper was published (international or national): In general, international journals tend to be more valued; therefore, a smaller risk of bias would be expected of the papers published in international versus national journals.
Quality of the journal where the paper was published: Journal quality was evaluated according to the journal's impact factor, as classified by Journal Citation Reports (JCR). Greater rigor in manuscript evaluation and a consequently smaller risk of bias would be expected for journals with impact factors greater than one (1.0).
Animal group (tetrapods × invertebrates and fish × all): It is believed that, because Brazilian law is stricter regarding wild tetrapod groups, most of the studies emphasizing this group would be considered to have a high risk of bias due to greater sampling difficulties.
We highlight that all of the analyzed papers related to Brazilian wild fauna were evaluated under the premise of contemplating all study methods. After characterizing the papers, we separated them according to the criteria proposed by Medeiros et al. (2014) and recorded the percentage of bias (high, moderate, and low) for each of the papers analyzed (see Medeiros et al., 2014) .
We performed the G-test (Zar, 1996) after constructing 2xn and 3xn contingency tables in Excel. We performed all tests using the statistical software BioEstat 5.0 (Ayres et al., 2007) , and values were considered significant at p ≤ 0.05.
Results
We assessed 215 scientific papers that complied with the criteria established for our research. Of these papers, 144 (66.98%) were classified as having a high risk of bias, 54 (25.11%) were classified as having a moderate risk and 17 (7.91%) were classified as having a low risk ( Table 1) . Of the papers analyzed here, only eight explicitly followed the hypothetic-deductive logic. Five of these papers were of high risk, two of moderate risk, and one of low risk.
As to the nature of the research, 83 papers were explicitly classified as being of a qualitative nature, whereas three were classified as quantitative (Figure 1) . We also classified 129 papers as being of a quali-quantitative nature. Although these papers reported the findings from qualitative research, they also presented quantitative results that had not been proposed in the study's objectives and methods.
Regarding the papers of a quali-quantitative nature, 89 (67.42%) were classified as having a high risk of bias, followed by 31 (23.49%) classified as moderate risk and only 12 (9.09%) classified as low risk. We noted that all quantitative studies were classified as having a low risk of bias (Figure 1) . A larger number of the quali-quantitative studies were classified as high and moderate risk (Figure 1) , as seen in Table 2 . As for the qualitative studies (N = 83), 66.3% were considered high risk, 27.7% were moderate risk and 6% were low risk.
We classified 172 papers as having used intentional sampling, all of which used the snowball technique to select the informants. Of these studies, 114 (66.28%) were classified as high risk, 46 (26.74%) as moderate risk, and 12 (6.98%) as low risk (Figure 1) . The other studies (n = 43) clearly demonstrated that they used probabilistic sampling; 30 (69.77%) of these were high risk, eight (18.6%) were moderate risk, and five (11.63%) were low risk (Figure 1) . Although we noticed a greater percentage of studies with a high risk of bias among those that used probabilistic sampling than among those that used intentional sampling, the G-test showed that this difference was not significant ( Table 2) . C1-Nature of the study; C2 -Presentation of hypotheses; C3 -Sample; C4 -Journal where the paper was published; C5 -Quality of the journal where the paper was published; C6 anda C7 -Animal group. Among the studies analyzed here (n = 215), only eight included questions or hypotheses, and 68 used statistical tests and/or indices. Regarding risk, five (62.5%) papers that presented hypotheses were classified as having a high risk of bias, two (25%) were classified as intermediate risk, and one was classified as low risk (12.5%). Among the studies lacking hypotheses, 139 (67.15%) were classified as high risk, 54 (25.12%) as moderate risk, and 16 (7.73%) as low risk. Notwithstanding the large number of papers with no hypotheses, the proportion of risk levels was similar to that of the studies that included hypotheses, indicating that there were no significant differences in risk of bias between studies with and without hypotheses ( Table 2) .
Regarding the studies that used statistical tests or indices, we observed that 42 (61.76%) were classified as high risk, 16 (23.53%) as moderate risk, and 10 (14.71%) as low risk. Of those studies that did not use statistical tests or indices, 102 (69.39%) were classified as high risk, 38 (25.85%) as moderate risk and seven (4,76%) as low risk. The proportion of low risk studies was greater among the studies that used statistical tests and/or indices, as indicated by the statistically significant difference determined by the G-test (Table 2) .
We also assessed the relationship between risk and the journals' impact factors (IF), measured by JCR. Most of the studies were published in journals with IF = 1.0 or lower, and some were published in journals that did not have an associated impact factor (n = 21). Among the studies we evaluated, 68 were published in journals with IF ≥1.0. Of the studies published in journals with IF ≥1.0, 47 (69.12%) were classified as high risk, 17 (25%) as moderate risk, and four (5.88%) as low risk. Regarding studies published in journals with IF < 1.0, 83 (65.87%) were of high risk, 30 (23.81%) were of moderate risk and 13 (10.32%) were of low risk. Of the papers without an associated impact factor, 14 (66.67%) were high risk and seven (33.33%) were moderate risk; there were no low risk studies in this group. Although we observed a greater proportion of low and moderate risk studies among those with an associated JCR impact factor, these differences were not significant ( Table 2) .
We also assessed the possible differences in risk of bias among the animal groups studied in the analyzed papers.
Of the papers analyzed here, 94 focused on tetrapod animal species, 57 focused on invertebrates and fish, and 62 dealt with all animal groups in the research. We observed that, among the studies with tetrapods, 57 (60.64%) were classified as high risk, 14 (14.89%) as moderate risk, and 23 (24.47%) as low risk (Figure 1) . Of the studies dealing with invertebrates and/or fish, 36 (63.16%) were high risk, five (8.77%) were moderate risk, and 16 (28.07%) were low risk (Figure 1 ). Of the papers that dealt with all animal groups, 51 (82.26%) were high risk, eight (12.90%) were moderate risk, and three (4.84%) were low risk (Figure 1) . We also assessed the relationships between the animal groups and the three levels of bias risk, as well as for high risk compared to intermediate and low risk. For all of these relationships, we observed highly significant differences in bias risk between the study groups (Table 2 ).
Discussion
Most ethnozoological studies performed in Brazil still have a descriptive focus, and the criteria used in their sampling, such as the nature and type of the sample (intentional or probabilistic), are not always clear. Moreover, most studies do not provide the sampling information, making these analyses much more difficult. Similar findings have been described for other areas of science, suggesting that ethnozoology is not the only area in which a lack of attention is given to sampling (Kitson et al., 2001) ; however, in line with our observations, Medeiros et al. (2014) comments that sampling problems are not the greatest issue associated with ethnobotanical studies performed in Brazil, as the lack of information on sample size and population are of greater concern. Although the field of ethnozoology is younger than that of ethnobotany, both have similar requirements with regard to attention to sampling design. Ethnozoology has made important contributions to a variety of areas of knowledge, such as anthropology, biomedicine, and human ecology (see Favoretto et al., 2011; Ritter et al., 2012) . These sciences have been classified as empirical throughout history (Santos-Fita and Costa-Neto, 2007) .
The studies of a quantitative nature that were classified as low risk were generally published more recently Alves, 2008) ; however, many recent papers still contain problems related to the information available on sampling, which greatly complicates a more robust analysis and the search for ethnozoological and/or ethnoecological patterns in different regions of Brazil. These problems have also been observed in ecological publications (Kitson et al., 2001 ) related to research involving animal communities, demonstrating the difficulties associated with proposing ecological patterns in species richness between different areas due to a lack of information or erroneous sampling. Although there has been an increase in the number of studies using the hypothetico-deductive method in recent years, as noted by Alves and Souto (2011) , we determined that this increase is small with regard to explicitly quantitative studies. According to Alves and Souto (2011) , as well as to Araujo and Nishida (2007) , it will be necessary to invest in quali-quantitative studies with numerically reliable data to strengthen the field of ethnozoology in Brazil.
We understand that these recommendations necessarily include studies that used quantitative or even quali-quantitative approaches, but whose sampling universe and size are not clear from the methods. The major issue associated with these analyses is that the nature of the research or the criteria used for sample selection are not clear in the majority of the ethnozoological studies performed in Brazil (see Kitson et al., 2001; McClatchey, 2006) . Studies of a qualitative nature are very important, as indicated by Dixon-Woods et al. (2004) ; however, when these studies extrapolate descriptions and present quantitative data without pre-established criteria, they generate bias. There is, therefore, a need to establish criteria to enable a more efficient comparative evaluation (Alves et al., 2010c) in the search for patterns, thereby preventing errors such as those observed and described in our analyses.
We did not compare the risks of the qualitative studies because we believe that such studies should not be analyzed by positivist criteria; however, we noticed that a large number of papers classified as high risk gave either unclear or no information about the sampling universe and size. Qualitative research is, in general, still of a descriptive nature and is the choice method used by many scientists (Alves et al., , 2010c . In addition, qualitative research often concerns a parameter that cannot be quantified, answering very particular questions and dealing with meanings, beliefs, and values related to phenomena that cannot be reduced to variable operationalization (Deslandes et al., 1994) . Therefore, depending on the objectives, qualitative research may be a more adequate method (Spindola and Santos, 2003) .
Most of the studies classified as having a high risk of bias used intentional sampling. Although there were no significant differences, we noticed that a smaller proportion of studies with probabilistic sampling were classified as having a low risk of bias. Among the studies that used intentional sampling, 15 extrapolated their findings to the general community, indicating that they should have used probabilistic sampling. Such choices may lead to errors in interpreting the patterns found in these studies. Great progress has been observed in theoretical and practical studies of sampling since the mid-20th century, including the realization that statistics is an important analysis tool in research (Marks, 1951) ; however, the misuse of this tool may lead to inexact and meaningless conclusions. Thus, if the sample is restricted to a certain group, the conclusions must also be restricted; speculations about the applicability to other populations are appropriate and valuable, but it should be made clear that they are only speculations (Marks, 1951) .
Most of the studies analyzed here did not include questions and/or hypotheses, and few employed statistical tests and/or indices. Even so, we observed that a greater proportion of the studies that used statistical tests and/or indices were classified as low risk, although some studies with a high risk of bias also used such tests. Our findings are in agreement with Bartlett et al. (2001) , who state that even studies that use statistical tests can contain considerable errors.
Although we expected the scientific journals in which the studies were published to be among the parameters showing the greatest differences in terms of risk of bias, this was not the case, as there were no significant differences in this portion of our analysis. Most studies that were classified as high risk were published in journals with IF≥1.0, which was also observed for the studies classified as moderate and low risk. Our results corroborate the findings of Medeiros et al. (2014) regarding ethnobotanical studies, as this author also did not find significant differences between journal types classified according to the JCR impact factors; however, ethnobotanical studies submitted to highly ranked scientific journals are rejected primarily because their methods are not presented in sufficient detail (McClatchey, 2006) , which contradicts our results and those obtained by Medeiros et al. (2014) . In our study, we observed that, for ethnozoological studies, publication in high-ranking journals does not influence the risk of bias, as studies with methodological problems are often accepted and published.
Most of the papers analyzed here focused on fish, insects, and/or mollusks, thus highlighting the difficulties associated with conducting interviews regarding tetrapod vertebrates. Such difficulties are largely related to the extremely strict Brazilian laws, justified by the decline and extinction of some species, related to the use of wild tetrapod vertebrates (Brasil, 1998) . Themes related to ichthyology (fish) and entomology (insects) represent a significant proportion of the published ethnozoological studies, which may be attributed to the importance of these groups or, more likely, to the lack of excessive legal restrictions of the use of these animals (Alves and Souto, 2011) . This lack of legal restrictions makes information pertaining to these animals more accessible, as the informants do not show distrust or fear of suffering the penalties imposed by the law. In addition, many interviewees do not trust the researchers, which may compromise the studies' results (Alves and Souto, 2011) . As such, we believe that there may a be a difference in risk of bias between studies related to wild tetrapod vertebrates and those related to other animals. This hypothesis was corroborated by statistical tests, which showed highly significant differences regarding risk between studies. This observation shows that, among the studies analyzed here, those related to tetrapods generally had a higher risk of bias than those related to other groups.
The large number of papers vulnerable to a high degree of bias is related to the lack of details presented on the methodological procedures adopted in each study, such as the sampling approach or even sample size. Without a doubt, these problems may have serious consequences for the reliability of the conclusions of each study. Given this, we believe that the ongoing growth of ethnozoological research in Brazil reinforces the need for the more systematic description of methodological procedures adopted in each study, in order to guarantee greater precision and robustness, irrespective of whether the study is qualitative or quantitative. It would thus be recommendable that all papers, whatever the sampling procedures or techniques used in the respective study, present all relevant information on these procedures, in order to confirm that the research has satisfied the minimum requirements expected for each approach, as well as guaranteeing that the conclusions and interpretations derived from the data are coherent with the limitations of the methods applied.
